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DIGEST

The Radiation Compensated Thermocouple (RCT) pat=
ented by Mr. Glenn E. Daniels in August 1962 is com-
pared with a single No. 24 AWG copper constantan thermo=-
couple sensor under conditions of exposure to solar and
sky radiation. The temperature measured by the RCT is
unaffected by external radiation whereas a single un-
compensated thermocouple temperature sensor indicates a
large increase in temperature when exposed to solar
radiatlion even when subjected to winds up te 20 miles
per hour.
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AN EVALUATION
of

RADIATION COMPENSATING THERMOCOUPLES

I. INTRODUCTION

1. Background:

Mr., Glenn E. Daniels, while employed in the Meteorol-
ogy Department, Fort Huachuca, Arizona, invented a radlation
compensated thermocouple temperature sensor (RCT) for which
he received a patent in August 1962, This sensor consists of
several copper constantan thermocouple junctions fabricated of
different wire sizes connected in seriles, such that the effect
of heating the sensor by radiation would be automatically
eliminated.[1] Preliminary field operation tests of several
models of this sensor indicated that it cculd be made to be
insensitive to radiant heating and would measure true air .
temperature even when exposed in direct sunshine. 3Several test
models of this sensor were sent to the Meteorology Division of
the U. S. Army Electronic Research and Development Laboratories
(USAERDL), Fort Monmouth, New Jersey, for a technical evaluation
under controlled laboratory conditions. The findings of.the
Laboratory tests were that the models of the RCT_tested were
not significantly better under most conditiofis than a single
uncompensated thermocouple made from No. 24 gauge (AWG) copper
constantan wire.[2] Since these findings were not consistent
with the operational performance observed with earlier models
at Fort Huachuca, the test models used by USAERDL were returned
to Fort Huachuca for further operational performance testing.

2. Purpose:

Tt is the purpose of thiéﬁrgport to present the
findings of the operational tests of the Radiation Compensated
Thermocouple Temperature Sensor which were conducted at Fort,
Huachuca.

l, YNYASA Report "Measurement of Gas Temperature and the Radiation
Compensating Thermocouple” by Glenn E. Daniels.

2. USAERDL Report "Evaluetion of Radiation Compensating
Thermocouples,”" dated June 1963,
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II. SUMMARY

The Radiation Compensated Thermocouple Temperature
Sensor and a single No. 24 gauge (AWG) copper constantan
thermocouple were exposed to various conditions of solar
and sky radiation. The outputs of both sensors werse
simultaneously and continously recorded on a recording
potentiometer on the same chart. Results of these vests
show conclusively that:

a. A single No. 24 (AWG) copper constantan
thermocouple indicates temperatures several degrees higher
when exposed in direct sunshine, than when shaded. This
difference in temperature exists even at wind speeds up to
20 miles per hour.

b. The temperatures indicated by a oroperly
designed Radlation Compensated Thermocouple are the same
when the sensor 1s shaded as when 1t 1is exposed in direct
sunshine. )

c. The single thermocouple, when properly
shielded in an instrument shelter or other shield, indi-
cates, in general, the same temperature as the Radlation
Compensated Thermocouple exposed to thgrsgns:p » '

d. The radiation effect on a single No. 24
gauge (AWG) copper constantan thermocouple is much greater
if the connecting leads are exposed to the radiation than
1f they are shaded and only the sensor junctlons are ex-
posed.
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ITII. DISCUSSION

l. Design Characterlistics:

Four models of the RCT were used in these tests.
Each was a five junction assembly consisting of a differ-
ent combination of wire sizes as follows:

Type I, AWG Nos. 26, 16, 20, 16, 26,
Type II, AWG Nos. 28, 20, 2u, 20, 26,
Type IV, AWG Nos. 24, 20, 22, 20, 24,
Type VII, AWG Nos. 26, 20, 24, 24, 28.

According to empirical data obtained at Fert
Huachuca on the relative amount of heating by radiation
corresponding to each wire size, it was computed that the
following degree of compensation would be obtained with
each of the above designs:

Type I == 90%
Type II == 100%
Type IV == 50% -
Type VII -= 70%

§
M,
{

The physical construction of the Type II RCT
and the single thermocouple sensors used 1in this test
is shown in Figure 1. All the junctions were butt jolned
and silver soldered, such that the sensor cross section is
uniform and continuous across the Jjunction,
>
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2. Test Procedure:

The Radlatlon Compensated Thermocouple Sensor
and a slngle thermocouple sensor were exposed together on
the roof of Greely Hall at Fort Huachuca, Arizcna. (See
Figure 2.) Outputs of both sensors were simultaneously
recorded on a two pen recording potentiometer (see Fig-~
ure 3) in the Standards and Calibration Laboratory of the
Meteorology Department.

Sensor recordings were made for various combie
naticns of exposure, which included:

a. Both sensors exposed to the sun. (See
Figure 4.)

b, Both sensors exposed inslde a standard
type weather instrument shelter. (See
Figure 5.) <,

¢, Each sensor alternztely expoused outslde the
shelter with the other exposed inside the
shelter.

The above tests were conducted during day-and
during the night, and also during both clgap and clbudy
weather under a variety of wind conditi€ns.

The sensors were always mounted in a horizon-
tal position pointing toward the north when exposed out-
side the shelter. Approximately two feet of the lead
wires which connect the sensors to the recorder were also
exposed during the tests such that the lead wires adjac-
ent to the thermocouple senscrs were subjected to the
same radiation as the sensor j&nctions.
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Fig. 1. Comparison of Radlation

Fig. 2.

Compensated Thermocouple
(bottom) with Single Uncom-~
pensated No. 24 (AWG) Copper
Constantan Thermocouple.

Test Site on Roof of Greely Hall,
Fort Huachuca, Arizona
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2. Two Fen Recording Potentiometer -
Used to Record COutput of Sensors.

Fig. 4. Radlation Compensated Thermocouple
and a Single Thermocouple Exposed
toc Solar Radiation.
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IV. TEST RESULTS

1. The results of the tests show that Radlation
Compensating Thermocouple No. 2 effectively compensates
for radiation under all conditions encountered in these
tests. RCT designs 1, 4, and 7, as anticipated, did not
completely compensate for radiation.

2. In general, the RCT exhibited more frequent
flucuations in its temperature record than the single
uncompensated thermocouple sensor. The magnitude of
these flucuations was greatest for RCT design No. 1, and
was least for RCT design No. 2. The flucuations in all
desligns were greater during light winds than during strong
winds. However, the RCT design No. 2, which consists of
sensor wires of nearly uniform sizes, exhlbited no fluc-
uations which would prohibit its use as an operational
temperature sensor.

3. The single uncompensated No. 24 (AWG) thermo-
couple sensor exhiblted significant radiation heatlng when
exposed to solar radiatlon under all winds encountered in
the tests. Two to three degrees Fahrenheit of radiation
heat!ng was maintained even in winds in excess of 15 miles
per hour. This heating effect is much greater than was
observed during USAELRDL tests at Fort Monmouth. The
reason for different results obtained at Fort -Huachuca and
Fort Monmouth is probably due to the aifrerent exposure
used. At Fort Monmouth the radiation source l1lluminated
a spot only approximately 3/4 inches in dlameter: thus,
only the sensor junction was subjJect to radiation. Under
such conditions the leat obsorbed by the sensor Jjunction
would be rapidly carried away from the junctlion by con-
duction along the relatively cooler lead wires. At Fort
Huachuca the entire sensor assembly, including approximately
two feet of lead wire, was expgsed to the sun (this is
normal field installation). Ift $his case the entire
assembly becomes heated, and heat absorbed by the sensor
junction cannot be conducted away along the lead wires.
Figure 15 illustrates the effect on the temperature indi-
cation of a single No. 24 gauge (AWG) thermocouple when
the lead wires are exposed to the solar radiation. When
the leads are shaded and& only the sensor Junctlens are
exposed to the radiation the temperature increase due to
radiation is only approximately 20% of the increase ob=-
tained when the leads are exposed also.

13



4, Temperature recordings obtalned during the tests
of RCT design No. 2 are shown in the followilng figures. A
discussicn of performance and a description of test condi-
tions are presented with each record. It should be noted
that the two pens on the recorder used in these tests are
physically displayed approximately 4 millimeters to permit
the pens to pass each other during operation., Therefore,
the two temperature records shown on each chart are out of
phase by 4 millimeters, or approximately two minutes in
time.
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RCT TYPE #2
Time:

1710 - 1840 hours
26 Feb 64

Exposure:

Single T/C outside

RCT outside
Weather:

Clear

Wind - 15 mph

Comments:

.
= 2 — )
.

This récord shows the perform-

‘jance of the RCT type #2 operoting
-{outside the shelter, compared to a
|single T/C similarly exposed under
.+ |both positive and negative radia-

tion conditions. Before sunset the
single T/C indicated a higher
temperature than the RCT and after

synset, it indicated a lower temp-

efature. After sunset, instead of

<|receiving radiation, the sensors

were radiating to a colder sky.

+4This shows qualitatively that the

RCT effectively compensates for

‘11 Inegative radiations, as well as

positive.
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2000 AU e RCT TYPE #2
T .
iR rime
INREBRNT 2000 - 2130 hours
IRONEE 24 Feb 64
T ,
_Sirghg t/C | Exposure:
| i '
SARRBARNS Single T,/C inside
| b
SERERE :
; fﬁ § = RCT, outside
! B '
L N
EREEEE
b .1 | Weather:
o || ] P :
32\F ' 40 i ¢ Clear -- calm
f i * Do ‘l :
] | -
an o
- Comments:
R SR !

This record shows the perform-
ance of the RCT type #2 exposed
outside the dhelfer on a calm, clear
night, compared to the single T/C
which is exposed inside the shelter.
 The single T/C consistently indi-
cates a lower temperature than the
RCT. It is hypothesized that the
walls of the instrument shelter ccol
below ambient temperature by rodia~
tion to a cold sky. The cool walls
> in turn absorb radiation from the
sensors and air inside. Therefore,
the single T/C inside the shelter
indicates a lower temperature. If
this hypothesis is correct, such a
temperature difference would not
- exist on a cloudy night. See Fig 11.
Also, a similar recoiding would
result if both sensors were exposed
inside the shelter. See Fig 12.
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RCT TYPE #2

Time:
2000 - 2100 hours
29 Feb 64

Exposure:
Single T/C inside
RCT outside

Weather:

Broken - scattered clouds «
6000' - 13,000'
Wind - 12 - 15 mph

Comments: . - -
! Y., = ™
IO i

This record shows the perform-
ance of RCT type #2 exposed out~
side the shelter on a windy, cleudy
night compared to a single T/C in-
side. Here the temperature indica-
tions of both sensors are almost
identical. In this case, because
of the clouds, the sky is not a cold

| >heat sink so the shelter cannot

radiate heat to the sky. Thus, there
is no significant radiation to or

from the sensors, and both sensors
indicate the true air temperature.



RCT TYPE #2

2345 -- 0115 hours

4 - 5 Mar 64

Single T/C inside
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Wind 5 - 6 mph
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£l i { | | i ! l j } i ‘ 1 'l_' T TYPE #2
9 Ll REENRE RN L
: mimumtRi "
L Jitili] Time:
! P
i i 0800 hours
LR 1 Mar 64
TR
gl };%W;Lg
| U
f el Exposure:
TR
AU Single T/C inside
HEHHEE RN
RCT outside
IR ERARNRRE:
RN ‘ Weather:
AERARHARRRN] Clear
f, i Wind =~ 3 mph
1111 Comments: e -
b sl
' This record shows the
| | | i |performance of the RCT type #2
: I lexposed outside the shelter, com-
j || pared to a single T/C exposed
Dot |inside during the transition from
L Enight to day when the sky is clear
50! | 1] |8land winds are light. Here again
IR the single T/C indicates a lower

l NERER R DN A
[ . H
1 ERNRH AT temgerature than the RCT during

THEN i1 [the ntght, but after sunrise the
Lt ] single T/C gradually indicates
f L ri 1.1 | ! [higher temperatures as the walls of
IHHHIEEE .|| the shelter heat up from solar
IHBREREHE | |radiation. This further supports
i ;“;‘ .| the hypothesis proposed for Fig 10.
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¥ i il RN RHNS 4 Mar 64
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Effect of Exposed Lead W .s on Radiation Heating

of a Single No. 24 AWG Copper Constantan and
the RCT Thermocouple Temperature Sersors

‘#, »—J= RCT TYPE #2
I T ~dUREHHHE | Time:
AN THEHARREE R

T {jij?SIﬁs;!é;T/C 1 1430 hours
o LRAT) IHAR RS

IRHINN | T 23 June 1964
ARHHI - ailllin HERRHBHRERE

L sSSP

80‘90' T ligo Weather:
‘?Yeﬁrfcgjs;jslfh =dRHRRNENE

NN w0 S Clear

Sensor Junctions only " Wind 6=7 mph
Exposed to Solar Radiation

Comments:

. ' s, & N
T e T ] . <+

| s B et e | ' These records show that the
o SRR SRR bt heating effect of solar radiation
L s SRR on a single 24 AWG Copper
NN SN Constantan Thermocouple is
B : RCT 3 Siﬂjgl:ei several glegrees higher when the
L L MEERE P -1 connecting lead wires are also
T - SENE V4 S g s
B BRENRE : T}" L exposed to solar radiation.
NN LT N
. bl RN P! e
IHERHEIE R
. ‘ ARER Pl
B0 [ i i
e T HERHY]
i RN toa

Sensor Junctions and Connecting

Leads Exposed to Solar Radiation
Fig. 15
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V. CONCLUSIONS

1. The RCT effectively compensates for radiation heat
effects on the measuring sensor under all types of exposure
encountered in these tests,

2. A silngle No. 24 {AWG) thermocouple temperature sen-
sor has slgnificant radiation errors when exposed outside a
radiation shield elther in the daytime or at night. The mag-
nitude of the radlation errors 1is much less when the lead
wires are shielded from radiation during exposure of the sen-

sor junction to radiation,
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VI, RECOMM:...DATIONS

1, It is recommended that the Radlation Compensated
Thermocouple be consldered as a replacement for meteoro-
logical thermocouple temperature sensors now in use where
simpler installation and better performance are needed.

2. It 1s recommended that the Radiation Compensated
Thermocouple be considered for the measurement of surface
or near surface temperatures where shields interfere with
effective temperature measurement. ‘

'
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APPENDIX

Performance records of RCT Types 1, U4, and 7.

NOTE: These sensors were purposely designed to
show the effects of improper comblnatilons
of sensor sizes,

>
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The absoclute magnitudec of the increase 1n temperature
of the sensor junctions, due to radiant heating or cooling,
varies with the wind speed. Higher wind speeds carry excess
heat away from the sensor more rapidly than lower wind speeds.
For stable winds, the compensation 1s effective because the
relative heating of the different junction sizes remains une
changed. In cases of exposure in rapidly varylng wlnds, the
compensation is not maintained during the transition from one
wind speed to another because the rate at which each junction
reaches temperature equilibrium at the new wind speed varies
with the size of the wire. For example, if the wind speed
suddenly increases, the effect will be to cool each sensing
junction because more of the heat absorbed by radiation will
be carried away by the air. However, a small junction will
cool to its new equilibrium state more quickly than the large
one. Thus, until the larger junction reaches its equllibrium
state, the compensation will not be completely effectlve.
This conditlon is most evident in rapldly fluctuatling light
winds where the radiation effect is large. Figure A-1
illustrates the performance of an RCT which comblnes wildely
different wire sizes.
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RCT TYPE #1

n {11 Time:

i : '»”Jf 1100 - 1230 hours
!
t
|

Exposure:

JE

|
|

. p | | 1 ' RCT outside shelter
|

Single T/C inside shelter

o
r

Weather:

e
;
A S

Wind approximately 3 mph

o

i
H Clecr

,,é._,__._t.._h U S
1
b —
L

; '{ Comments:

. This Tecord shows that Type
#1 RCT provides reasonably good
| compensation but that its temper—
| ature indication makes large
uns 90 oscillatory excursions. The mean

AR SN R

*

—
nﬂ

!
3
FAM YPE T values of the temperatures indi-
cated by the RCT outside the
shelter and the single T/C inside
the shelter are almost the same
L 1! indicating that the compensation
is effective. However, because

b
. {

i | [DEGREE
i

‘ of larger differences in wire
il Nyl sizes used in type 1 RCT design

{ ond the low wind speeds the
compensation is frequently un-

¥ stable yielding erroneous temyp2ru=

} ) §

23 ﬁﬁ-- ture indications.
T e ‘

Fi?;- p.'"l
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